The cytoplasmic granules of eosinophils are composed of a crystalloid core surrounded by a matrix and contain the proteins responsible for the effect of these cells in helminth infection and hypersensitivity reactions (1) . Eosinophil peroxidase (EPO)', an abundant protein in the matrix of the eosinophil granule (1), when combined with H202 and halide, is a potent toxin for parasites (2) and mammalian cells (3), as well as a mediator of several hypersensitivity mechanisms (4-6) . EPO also kills helminths and cells in the absence of H202, indicating that the molecule itself is a toxin (6, 7). EPO is a heme-containing protein (8), composed of 14,000-and 58,000-dalton subunits (9) that presumably are translated from the same mRNA into a larger precursor that is subsequently cleaved (10). Although its biologic activities are well established, the structure, amino acid composition, and nucleotide sequence of EPO are unknown .
Results
Purification of EPO Polypeptide Chains and Their Partial Amino Acid Sequence. EPO was purified from the eosinophil granules of patients with hypereosinophilic syndrome. After reduction and carboxymethylation, the molecular weight of the two EPO subunits was determined by gel filtration (Fig. 1) . The results of eight experiments gave a molecular mass for the H and L chains of 57,000 ( t 4,200) and 11,000 ( ± 1,500) daltons, respectively. The N142-terminal 38 and 50 amino acids of the H and L chains, respectively, were determined ( Fig. 2 ) and three degenerate 17 mer oligonucleotide probes (one for the H and two for the L chain) were synthesized from the most unique parts of the molecule, as determined by comparison to sequences in the PIR' database. is numbered above the corre-
sponding letter, starting from the NH2 terminus . Amino acid 30 24 in the EPO-L is boxed.
Regions chosen for the con
struction of the oligonucleotldes are underlined . Construction of a cDNA Library fom Human-induced Cord Blood MNC. Attempts to identify EPO cDNA clones in a HL-60 cDNA library were unsuccessful and we were also not able to identify any other cell line consistently producing EPO. Therefore, MNC from the umbilical cord blood of five donors were cultured for 4 wk in the presence of the T cell supernatant . A sample of each culture was stained for cyanideresistant peroxidase (specific for EPO) every 3-10 d to monitor the differentiation of cord blood cell precursors to eosinophils (15) (Fig . 3) . As shown in Fig. 4 , the cells became positive for EPO after 4-6 d in culture, and the percentage ofpositive cells increased up to 80%, after 4 wk. Cells (109) were pooled from the five cultures and RNA was isolated.
A cDNA library was constructed from poly(A)+ RNA and 8 x 105 independent recombinant clones were screened by hybridization procedures with the three oligonucleotide probes described above. A single clone was found to hybridize with the three probes in both plaque hybridization and Southern blot analysis (Fig. 5) .
Nucleotide Sequence of EPO cDNA. After restriction of the cDNA clone with Eco RI, a 2 .5-kB insert was subcloned in M13mp10 and the DNA sequence ofboth strands was determined. As shown in Fig. 6 , the cDNA was composed of 2,558 nucleotides, 2,106 of which were in an open reading frame. By comparison to the known partial EPO subunit amino acid sequences, the cDNA nucleotide sequence was divided in a 381-bp prosequence, a 333-bp sequence corresponding to the coding region of the EPO-L chain, a 1,392-bp sequence that codes for the EPO-H chain, and a 452-bp untranslated region at the 3' end containing the AATAAA polyadenylation signal . The partial amino acid sequence (Fig. 2 ) was identical to the amino acid sequence predicted from the nucleotide sequence of the EPO clone, except for the amino acid 24 of the L chain, which was cysteine instead of serine .
The molecular mass ofthe precursor protein, calculated from the predicted amino acid sequence, was 79,551 daltons, with an isoelectric point of 10.22 . The L and H chains correspond to 12,712-and 53,011-dalton proteins, with isoelectric points of 10.8 and 10.7, respectively.
Comparison of the EPO nucleotide sequence to other peroxidases (Table I) revealed a 69 .5% overall similarity index to the neutrophil myeloperoxidase (MPO), with 76% similarity of the H chains and 73% of the L chains . The similarity to other peroxidases was 40-60% . Comparison of EPO amino acid sequence to other peroxidases revealed that EPO and MPO have 68 .3% identity, being 69 .4% and 70% identical at the L and H chains, respectively (27) (Table 11 ). Thyroid peroxidase (TPO) is the second most similar peroxidase to EPO (28) (Tables I and II) . To determine whether or not a conserved sequence suggestive of active site exists in all peroxidases, the predicted amino acid sequences of EPO, MPO, and human TPO were aligned (Fig. 7) . The homology was striking throughout the entire molecules, especially at the L and H chains . Therefore, no conclusions can be drawn about active sites. Comparison with the amino acid sequence of other peroxidases gave very poor alignment (not shown) indicating no significant homology (Table 1) . FIGURE 5 . Southern blot analysis of a cDNA clone from the cord blood cDNA library. Lanes 1, 3, 5, and 7 digested with Sau-3A ; lanes 2, 4, 6, and 8 digested with Eco RI . The cDNA clone was analyzed by hybridization using oligonucleotides derived by reverse translation of the amino acid sequences of EPO H chain, one probe, lanes 1 and 2; EPO L chain, two probes, lanes 3 and 4 and lanes 5 and 6, respectively ; and ECP, lanes 7 and 8. 
Discussion
We have identified a cDNA clone corresponding to the mRNA of the human EPO. The sequence of the clone confirms the existence of a unique mRNA that codes for a large precursor that contains both the L and the H chains (10) . Furthermore, this mRNA also contains a prosequence at the 5' end that codes for a peptide similar to the prosequence ofthe neutrophil MPO (27) . However, a typical leader sequence was not included in the clone and we were unable to do complete comparisons of the EPO and MPO preprosequence . Comparison of the EPO sequence with other peroxidases shows a striking homology, both at the nucleotide and the amino acid level, suggesting the existence of a peroxidase multigene family that evolved by gene duplication. The study ofEPO and other eosinophil granule proteins has been hampered by the difficulty in obtaining sufficient numbers of eosinophils, because these cells exist in the blood in very low numbers, and patients with eosinophilia are not common . The promyelocytic leukemia cell line, HL-60, expresses several eosinophil granule proteins (35), but we were unable to find a clone corresponding to EPO in a cDNA library from uninduced HL-60 cells . The establishment of a method to induce the differentiation of eosinophils from umbilical cord blood MNC allowed us to obtain a sufficient number of cells to construct a cDNA library that presumably contains the sequences that code for eosinophil products. This library has been helpful to isolate not only a cDNA clone corresponding to EPO, but also another clone that corresponds to the eosinophil cationic protein (manuscript in preparation), and can be further used for the study of other eosinophil products.
The cDNA library was constructed from human umbilical cord leukocytes induced by a PHA-A-stimulated T cell supernatant . This conditioned media was depleted of IL-2, to avoid the induction to lymphocyte differentiation, and presumably contains IL-5, shown to induce eosinophil differentiation from bone marrow and umbilical cord blood cells (15) . The mRNA for the construction of the library was obtained after the cells began to express granules that stained for cyanide-resistant peroxidase, assuming that the level of mRNA would be maximum at that point . The predicted amino acid sequence of EPO was identical at the NH2 terminus of the subunits to the sequence obtained by amino acid sequence analysis, except for one amino acid in the L chain . The codon corresponding to that amino acid differed in a single base in both sequences (TCC vs . TGC) . This amino acid sequence difference suggests the possibility ofperoxidase polymorphism among different individuals .
The predicted amino acid sequence of EPO shows a 79,551-dalton precursor protein containing a preprosequence at the NH2-terminus end that presumably is cleaved to give rise to a 65,723-dalton molecule that is further cleaved into 12,712-and 53,011-dalton subunits. These predicted molecular masses agree with the results obtained by gel chromatography by us and others (9) , suggesting that the mature molecule is not glycosylated even though there are N-linked oligosaccharide acceptor sites in the H chain .
EPO and MPO have similar nucleotide and amino acid sequences and also show similar protein subunit organization . These results suggest that they have similar functions in eosinophils and neutrophils during inflammatory reactions . The study of the molecular biology of EPO should be helpful in understanding the complete and partial EPO deficiencies reported in some populations (36, 37) .
Summary
Human eosinophil peroxidase (EPO) was purified from eosinophil granules derived from the peripheral blood of patients with eosinophilia . The molecular mass of the H and L subunits was determined by gel filtration to be 57,000 and 11,000 daltons, respectively. The partial amino acid sequences of both subunits were used to construct oligonucleotides for the screening of several cDNA libraries, including one derived from human-induced umbilical cord mononuclear cells . A cDNA clone was isolated corresponding to EPO. The nucleotide sequence revealed an open reading frame of 2,106 bp, corresponding to a prosequence, L chain, and H chain, in this order. Comparison of the EPO nucleotide sequence with other peroxidases, such as myeloperoxidase, suggests the existence of a multigene family.
